Energy-time entangled biphoton source plays a great role in quantum communication, quantum metrology and quantum cryptography due to its strong temporal correlation and capability of nonlocal dispersion cancellation. As a quantum effect of entangled biphotons, nonlocal dispersion cancellation is further proposed an alternative way for nonlocality test of continuous variable entanglement via the violation of inequality proposed by Wasak et al. [Phys. Rev. A, 82, 052120 (2010)]. However, to date there is no experimental report either on the inequality violation or on a nonlocal detection, which is key for a true nonlocality test. In this paper, we report a first experimental realization of a violation of the inequality over a 60-km-long fiber transmission at telecom wavelength with a nonlocal detection based on event timers and cross-correlation algorithm, which indicates a successful nonlocal test of energy-time entanglement. This work provides a new feasibility for the strict test of the nonlocality for continuous variables in both long-distance communication fiber channel and free space.
I. INTRODUCTION
Nonlocality is considered as a central feature of quantum entanglement, which cannot be explained by classical or any local hidden-variable theories [1] [2] . Such nonlocality can be tested via a violation of Bell inequality in two different scenarios. The first scenario is to use discrete variables such as polarizations of the optical field. Due to its robustness to channel losses and noise, polarization-entanglement has been applied for more than 36 years to the test of Bell inequality violation and such violation has been recently realized over freespace links of thousands of kilometers by satellite [3] [4] . The second scenario is to use continuous variables such as amplitude and phase quadratures of the optical field, which recently has been demonstrated in Ref. [5] . However, such quadratures will experience unavoidably large loss and decoherence in the long-distance transmission, making it difficult to verify nonlocality over long distances.
An alternative way for the test of nonlocality has been proposed by Franson [6] [7] . For the energy-time entangled biphoton source, the dispersion experienced by one photon can be canceled nonlocally by the other regardless of the distance between two photons, which is called nonlocal dispersion cancellation (NDC). In contrast to the dispersion cancellation effect of Ref. [8, 9] , which is based on a local Hong-Ou-Mandel interference [10] and exists classical analogues [11] [12] [13] [14] [15] , the NDC is inconsistent with any classical theory and no classical analog can be built with a nonlocal detection [16] [17] [18] [19] , it thus can be utilized to test quantum nonlocality of a continuous variable entanglement. As energy-time entanglement is intrinsically robust against the loss and decoherence when propagating through long-distance fiber links [20] , it has found great applications in areas such as fiber-based quantum communication, quantum metrology [21] [22] [23] and quantum cryptography [24] [25] .
Since it was first proposed, the NDC effect has been demonstrated successfully with a nanosecond-level resolution [26] [27] [28] . To improve the resolution, timeresolved up-conversion of the photon pairs [29] [30] [31] [32] has been applied and a femtosecond-level dispersion cancellation was reported [33] [34] [35] . In addition, the NDL effect has even been demonstrated to improve the visibility of the Franson interferometer [36] . However, all these methods recombine the photon pairs in the final coincidence detection, thus they represent still local observation of this nonlocal effect, which limits its real field applications. Therefore, a nonlocal detection is particularly desired for a real test.
To identify the nonlocality of the NDL, an Bell-like inequality has been proposed by Wasak et.al [19] for bounding the strength of temporal correlations for a pair of light beams prepared in a separable state and propagating through dispersive media with equal and opposite dispersion. The violation of this inequality reveals the necessity of entanglement and can be used for identifying the quantum nonlocal feature of the energy-time entanglement. Due to the relatively large timing jitter of the single-photon detectors, the experimental demonstration of this inequality violation with nonlocal detection has not been realized so far to our knowledge.
In this paper, we report an experiment that violates the inequality for the NDC with a nonlocal detection. The energy-time entangled signal and idler photons at telecom wavelength are generated via the spontaneous parametric down conversion (SPDC) from a Type-II PPKTP crystal [37] . Then the signal photons are transmitted through a 62-km-long single-mode fiber (SMF) while the idler photons are passed through a 7.47-km-long dispersion compensation fiber (DCF). To reduce the timing jitter of the detection device, selfdeveloped super nanowire single photon detectors (SNSPDs) [38] are applied to register the arrived signal and idler photons, and the registered arrival times are recorded independently by two separate event timers (ETs) for a true nonlocal detection [39] . In this way, we report the first experimental realization of a violation of the inequality by about 13 standard deviations in its normalized form. This violation provides an experimental proof for the quantum nonlocality feature of continuous variable entanglement and can be effectively extended to long-distance transmission channel for further loophole-free test [40] [41] [42] .
II. THEORY
In this section, a review on the theory of the NDC and Wasak' inequality is briefly given. For a cw pumped type-II SPDC, when biphotons travelled through two dispersive media with dispersion coefficient of s k , i k and length of l2, l1, the second-order Glauber correlation function can be written as [27] 
denote the width of G (2) function and the overall time delay between signal and idler photons after propagating through the dispersion media, respectively. L is the crystal length, D is the inverse group velocity difference between signal and idler photons in the SPDC crystal, respectively. 0 04822 .   is chosen for Gaussian approximation of the phase matching function. The full width at half maximum (FWHM) value of the temporal width of G (2) function is then given as (2) function remains as 2 2ln 2    t DL . So the effect of NDC can be observed by measuring the width of G (2) . On the other hand, the quantum nonlocality feature of the NDL can be verified by violation of a Bell-like inequality. With regard to this, Wasak et al. [19] deduced the minimum broadening of temporal correlations between two classical light beams during propagation through dispersive media with equal and opposite dispersion, which can be expressed as an inequality . According to Ref. [19] , a violation of this inequality is an unambiguous signature that the two beams are energytime entangled. Thus, it can be used as a criterion for the test of the quantum nonlocal feature for continuous variable energy-time entanglement. In the following discussion, we will give our experimental results in a normalized form of Eq. (2), i.e., 
As discussed in Ref. [19] , the jitter of the single-photon detectors (~tens of picoseconds), which is much greater than the biphoton correlation time, must be considered in practical experiment. Thus becomes the dominant contribution to the observed time difference variance. Therefore, in order to violate the inequality, there are two ways that can be considered: one is to reduce the jitter time of the single photon detector, and the other is to increase the magnitude of dispersion. In our experiment, we realized the goal by using selfdeveloped SNSPDs with a FWHM jitter as low as 37 ps and introducing a large amount of dispersion with a 62-km-long SMF.
III. EXPERIMENTAL RESULTS

A. Experimental setup
The experimental setup is shown as Fig. 1 . The quasimonochromatic 780 nm laser was produced by the cavity-based frequency doubling. The laser was focused onto a type-II PPKTP crystal with L=1cm, a poling period of 46.146μm, and D=2.96ps/cm, calculated from the Sellmeier equation of PPKTP crystal [37] . After filtering out the residual pump, the output orthogonally polarized biphotons were coupled into the fiber polarization beam splitters (FPBS). With the help of a half-wave-plate (HWP) before the FPBS, the signal and idler photons are spatially separated for subsequent fiber transmission [33] . Afterwards, the signal photons travelled through a SMF with a dispersion coefficient of sequences [39] , the second-order correlation distribution G (2) can be then constructed. More details about this and nonlocal detection method can be found in our recent work [39] .
B. Results
To determine the jitter of the single-photon detectors, we firstly measured the coincidence distribution G (2) between the biphotons before fiber propagations. As shown in Fig.2 (a) , a FWHM width of about 37.6 ps was obtained. In order to verify the validity of our nonlocal coincidence detection method, we also measured directly the coincidence distributions with an integrated coincidence device PicoHarp 300, which is shown in the inset of Fig.2 (a) . The very good agreement between the two results also shows that the nonlocal detection method is highly suitable for the coincidence distribution measurement. Fig.2 (b) shows the results of G (2) with only the signal photons travelling through a 10km (red square) and 20km (blue circle) SMF, respectively. It can be seen that G (2) are broadened due to the fiber dispersion, and the longer the fiber, the larger the amount of broadening. The observed reduction of the coincidence counts can be attributed to the channel loss as the length of the fiber increases. Fig.2 (c) shows the results of G (2) with only the idler photons travelling through a 1.245km (red square) and 2.49km (blue circle) long DCF, respectively. One can see that the G (2) distributions are also broadened and the amounts of broadening are consistent with that of Fig.2 (b 
The G (2) distributions with both the signal photons travelling through a 10km/20km SMF and the idler photons travelling through a 1.245km/2.49km DCF(i.e., 2 1 Fig. 2 (d) . We can see that the G (2) slopes are respectively narrowed to 89.3ps, and 105.1ps. The corresponding theoretical simulations are also given by solid lines in Fig.2 , which are in good agreement with the experimental results. Therefore, it can be concluded that the nonlocal coincidence measurement as well as the NDC have been successfully achieved.
Now we turn to whether the inequality given by Eq. (3) can be violated in our experiment. The reconstructed coincidence distribution with 62 km SMF and 7.47 km DCF is shown in Fig.3 . Therefore, the inequality given by Eq. (3) is obviously violated by about 13 standard deviations. Analogous to the Bell test for discrete variables, such violation indicates deterministically the nonlocal feature of the energy-time entanglement after propagating over 60-km-long fibers.
FIG. 3. (Color online)
The reconstructed coincidence distributions G (2) from two ETs with 62km SMF and 7.47km DCF.
IV. DISCUSSION
In our experiment, we utilized two individual ETs to tag the arrival times of the signal and idler photons. Since the second-order correlation between the propagated signal and idler photons is achieved via separate event timing systems instead of a local coincidence hardware (e.g. Picoharp 300), such detection method is eventually nonlocal and is desired for the realfield quantum nonlocality test. As mentioned above, the amount of time sequences is limited by the ETs. By manipulating the pump power of the SPDC and adding appropriate loss in the idler arm, we fixed all the detected single count rates as about 100000 per 5 seconds.
According to Eq. (2), the width of G (2) with perfect NDL should be equivalent to the coherence width of the generated biphotons, which is about 2.96ps in our case [43] . However, due to the inherent time jitter of singlephoton detectors, the minimum width of G (2) that can be achieved is limited to about dozens of picoseconds (37.6 ps in our experiment). By looking at the results shown in Fig. 2 (d) and Fig. 3 , both the measured and simulated G (2) indicate the incompleteness of NDC, that is, there is residual uncompensated dispersion resulting in broadening of the G (2) wave packet. To achieve perfect dispersion cancellation, a dispersion-adjustable component such as chirped fiber Bragg gratings [44] is desired to overcome under-compensation and overcompensation for satisfying the compensation condition as much as possible.
Note that we did not give a correlation distribution of G (2) with only the signal photons travelling through a 62-km-long SMF. This is due to the dramatic broadening of wave packet, which is estimated to be around 2.33ns in addition to the long-distance fiber loss. However, benefited from the NDC effect, the narrowed wave packet was observed. Therefore, the NDC enables the enhancement of the degree of coincidence between the signal and idlers despite the extra loss incurred through the introduction of a long-distance transmission.
Our NDC is implemented at telecomm wavelength, which is robust in transmission through both fiber and free-space links, and is compatible with wavelengthdivision multiplexing. Although our result is merely a proof-of-principle experiment on the nonlocality test, it demonstrates the feasibility for the strict test of nonlocal feature of continuous variable entanglement with the energy-time entangled photons over long distance. Furthermore, the NDC can also be applied to enhance the stability of quantum time transfer [43] .
V. CONCLUSION
In summary, we reported a picosecond-level NDC and demonstrated first violation of the inequality for determining the nonlocal feature of energy-time entanglement with a nonlocal detection method over 60km fibers at telecom wavelength. According to the violation criterion given by Eq. (3), we obtained a value of 0.270 0.055 W   <1, which violates the inequality obviously by about 13 standard deviations. We believe our work is a significant step toward the future strict test of nonlocality for continuous variable entanglement after a long-distance fiber or free space transmission.
